A reduced total ventilatory response to CO2 in patients with chronic airway obstruction has long been recognised'; however, surprisingly little attention has been paid to the pattern of breathing.
In recent years considerable progress has been made in understanding the factors controlling tidal volume (VT) and breath intervals (total breath duration Tt, inspiratory duration Ti, and expiratory duration Te, in experimental animals and in normal man.2 3 It is, therefore, a logical step to consider the impaired ventilatory response in patients with chronic airways obstruction in terms of abnormalities in breathing pattern.
Methods
Twenty-one male patients with severe, chronic, irreversible, airway obstruction underwent CO2 rebreathing experiments.4 Each patient gave full informed consent. The presence of airway obstrucAddresh for reprint requests: Dr CS Garrard, Section of Pulmonary Medicine, University of Illinois at the Medical Centre, 840 S Wood Street, Chicago, Illinois 60680, USA. tion was defined as a reduction in the absolute FEV, to less than 50% predicted value, and FEV,/FVC% less than 60%. No significant reversibility of airway obstruction (<15% change in FEV,) could be obtained by the inhalation of aerosolised isoprenaline.
After an initial rest period, subjects were allowed to rebreathe a mixture of 7% CO2 in 93% 02 contained within a six-litre anaesthetic bag. The rebreathing bag was connected via a three-way tap to a heated Fleisch (no 3) pneumotachograph and rubber mouthpiece. The tap was turned so as to connect with either ambient air or the rebreathing mixture. The resistance of the rebreathing circuit was 0-025 kPa l-1 s (0-25 cmH2O 1-1 s).
Rebreathing was continued to the limit of tolerance determined by the patient or when the inspired CO2 level reached 10%. After reaching the limit of tolerance the patient was again allowed to breathe air. Rebreathing times ranged between four and six minutes between individuals.
Airflow, its integral, tidal volume (VT) and end-tidal CO2 concentration (PETCO2) were re-corded on a multichannel linear recorder (Brush, Gould Instruments). Calibration of the pneumotachograph volume signal was performed belore and after each procedure using a one-litre displacement syringe. shown VTmax never to be greater than IC and though VTmax exceeded IC in three subjects in the present study this was only by small volumes (50 ml), which probably fall within the experimental error of the measurements. Endexpiratory lung volumes (FRC) do not remain fixed during stimulated breathing in patients with airway obstruction, FRC increasing significantly.25127 This increase in static lung volume together with the increase in VT may result, therefore, in tidal excursions actually exceeding TLC during hyperpnoea.
Increased respiratory frequency in patients with obstructive lung disease has long been recognised. Rheinhardt7 recorded high resting respiratory frequencies (mean 23 breaths min-'). Scott" found a similar relationship (18 breaths min-' for patients with airway obstruction and 12-5 breaths min-' for normal subjects). Our own data in normal subjects24 likewise show a lower resting frequency (I3-9 breath min-") than that found here in patients with airway obstruction (18-3 breaths min-').
This increased frequency of breathing at rest in patients with chronic airway obstruction contrasts with the slow deep breathing observed at rest in normal people subjected to non-elastic loading of expiration.2829 Mechanical considerations suggest that slowing the rate of respiration is more economical in terms of respiratory work in the face of airway obstruction than increasing the rate. In pathological intrapulmonary airway obstruction it seems that this pattern is abandoned for an apparenly inefficient mode of rapid shallow breathing. The present data confirm that this discrepancy is even more marked during ventilatory stimulation.
Since in the accepted sense of stiff lungs with reduced lung volumes but as a loss of compliance associated with breathing at high lung volume. Apart from the purely mechanical problems of breathing at high lung volumes, associated reflex phenomena involving lung stretch receptors may also be implicated in the production of tachypnoea.
Recently it has been shown that patients with chronic obstructive lung disease who were hypoxic achieved higher respiratory frequencies than those who were not.34 A similar trend was seen in the relationship of Af and Pao2 from our data, but this negative correlation was not significant. Unlike the data presented here, Bradley et al34 were unable to demonstrate any differences in FEV, between the hypoxic patients with higher respiratory frequencies and those breathing more slowly. Arterial blood gases were seen to be better (higher Pao2, lower Paco2) in our subjects with the largest VT values. This may be an inevitable correlation because of the superior pulmonary function values in these subjects, but on the other hand may reflect the lower VD/VT ratio associated with larger values of VT.
Our findings would suggest therefore that, although the ventilatory response to CO2 rebreathing in severe airway obstruction is not directly related to the degree of obstructive pulmonary function impairment, the breathing pattern components are dependent on lung mechanics. In particular, the maximum increase in VT appears to be closely related to the restriction of dynamic lung volumes. 
